Summary A conventional cat breeding colony with 70 queens (female cats) was studied during a 4 year period 1979-1982. During that time the fat content in the diet was increased from 15% to 27% of dry matter. An increase in the number of kittens per litter (from 4,5 to 5,5) and in the annual number of litters per queen (from 1·4 to 2,3) was found. In addition, the mortality decreased from over 20% to 9%. Bodyweight gain under the new diet was such that the males reached 2500 g in 4 months while the females showed this same weight at 5 months of age. Litter size and sex distribution as a function of queen age, litter interval and time of year are presented. It is concluded that husbandry and diet are factors which are of great importance in a cat breeding unit. It is shown that under our conditions it is possible to breed conventional cats with good results.
Summary
A conventional cat breeding colony with 70 queens (female cats) was studied during a 4 year period 1979-1982. During that time the fat content in the diet was increased from 15% to 27% of dry matter. An increase in the number of kittens per litter (from 4,5 to 5,5) and in the annual number of litters per queen (from 1·4 to 2,3) was found. In addition, the mortality decreased from over 20% to 9%. Bodyweight gain under the new diet was such that the males reached 2500 g in 4 months while the females showed this same weight at 5 months of age. Litter size and sex distribution as a function of queen age, litter interval and time of year are presented. It is concluded that husbandry and diet are factors which are of great importance in a cat breeding unit. It is shown that under our conditions it is possible to breed conventional cats with good results.
Keywords: Cats; Animal nutrition; Animal husbandry
The cat is a valuable experimental animal in biomedical research. In order to obtain a satisfactory supply of cats suitable for laboratory use (Warfield & Gay, 1984) it has been found necessary to breed them specifically for the purpose.
It has been reported that other pharmaceutical companies have started breeding colonies, for instance Ciba-Geigy started theirs in 1962 (Hurni, 1981) , Hoffmann La Roche set up one in 1965 (Rossbach, 1972) and the UK Laboratory Animal Centre established a specified-pat hogen-free (SPF) cat colony in 1969 (Bleby, 1980) .
In our organization cats have been used for several years, mainly for acute pharmacological studies in the cardiovascular field. Our own breeding colony was founded in 1976. The purpose was to produce, by means of a good environment, good handling and care and an adequate'diet, an optimal and adequate supply of conventional cats in good health for our Own research.
In the present report an account is given of the methods used and the results achieved in our cat breeding colony.
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Materials and methods
The breeding colony is housed in a separate building erected in 1976 and comprises three areas: breeding, service and personnel. The total area is 520 m 2 . The breeding area contains 12 animal rooms, each measuring 18 m 2 , All but three have an outdoor pen attached. The rooms are ventilated with 15 air changes per hour and the temperature is kept at 22 ± 2 0c. The relative humidity is 50 ± 10%. The animal rooms receive natural daylight through windows, and electric light from 06.00 to 18.00 h. The light is automatically switched on and off with no intervening twilight phase. Ventilation noise is not more than 45 dB. Each room has a loudspeaker which relays music from a tape recorder or radio during working hours (07.00-16.00 h). In those rooms in which cats are kept in groups without cages (free-range rooms) there is a wire-mesh entrance lock.
On the walls of each free-range room are two shelves on which the cats can lie. In the rooms where mothers nurse their litters from birth to 7 weeks there are 16 cages, ranged on two walls. Each room has a glass panel in the door, and the concrete floors are painted with epoxy paint.
In the service area is a kitchen (15 m 2 ) where all cat food is prepared, and there are two rooms adjacent to it for cold storage of the prepared diet, one kept at +4°C and the other at -20°C. There are also storage rooms for sawdust, mink food pellets, cages and most trays in this area. A three-stage tunnel washing machine serves the whole facility.
The personnel section consists of changing rooms with a toilet and shower, a rest room and a staff coffee room. The unit staff :s six animal technicians supervised by a veterinary surgeon.
Breeding
The colony consists of about 70 queens (female cats) and eight toms (males) of the ordinary European domestic strain. They are divided into four harems, each with 15-20 queens and two toms in alternation, one tom remaining with the queens for 14 days before being replaced by the other. When a queen is advanced in pregnancy, at about 60 days after mating, she is transferred to a separate cage (100 em x 90 em x 90 em) in another room to litter. The cage Waste trays are placed in every cage and on the floor in the free-range rooms and are changed once a day. After the soiled sawdust has been cleaned out, the trays are washed in a tunnel washing machine, dried and refilled with a layer of dry sawdust 5-8 cm thick.
No female cats are brought into the unit. Toms brought in are kept in quarantine for at least 1 year.
Disease control
All cats are vaccinated annually against panleucopenia. External and internal parasites have not been detected and no prophylactic treatment is given against parasites.
From 1981 onwards each kitten has been weighed once a week on a scale connected on line to a computer. The difference in weight from the week before is displayed together with a comparison with the normal weight gain in the colony.
All cats that have died or been killed in the breeding unit are subjected to autopsy by the responsible veterinarian.
The colony is free from toxoplasmosis, Trichophyton spp. and feline infectious peritonitis. Some respiratory infections do occur but they respond to conventional therapy. Rhinitis occurs with some coincident weight loss but no mortality; injections of benzyl peJ1icillin and amino acids and glycose are given. Composition contains a littering box, a waste tray and a shelf 20 cm above the floor. The queen remains in the cage with her kittens for 7 weeks before she is returned to the harem. At that time the kittens are tattooed in their right ear with a code, received from the Swedish National Board of Agriculture, which is specific to each breeding colony. When the kittens are about 12 weeks old, they are divided into groups of 30 by sex and kept in free-range rooms in the same building. To avoid anaemia (Morris, 1975) the kittens are injected twice with a complex of ferric hydroxide and dextran (10 mg/kg bodyweight) during their first and second week of life. They are vaccinated four times during their first 6 months with inactivated vaccine against panleucopenia. About 20% of the females of the colony are replaced each year by younger cats from the colony itself. Replacement animals are selected according to the characteristics of their parents regarding temperament, fertility and growth rate. They are at least 1 year old before being allocated to a harem. Tom cats begin to service a harem at 3 years of age.
Diet
Diet must be palatable, nutritionally adequate and suitable for all cats -young, growing, pregnant and suckling.
When th,e colony was first established the diet consisted of flaked feed for dogs (Ewos, Sodertiilje, Sweden) mixed with boiled fish or boiled meat on alternate days. Sodium chloride and a mixture of vitamins were adde.d to the diet.
In 1980 the diet was replaced by mink pellets (Ewos, Sodertiilje, Sweden), cooked meat, cooked fish and cooked whole rice to which the decoction from the cooked meat and fish (bouillon) and animal fat were added (Table 1) . Vitamins and sodium chloride were added as before. The crude fat was increased from 15% to 27% dry matter, and carbohydrates were decreased form 29% to 17%. The protein level remained at 50%.
All young and queens are fed the same diet ad libitum on trays placed on the floor in the morning and in the afternoon.
Hygiene
The breeding colony is kept in a separate building, ,vhich constitutes a semi-closed unit. The animal technicians work exclusively in the unit. Other staff visiting the building are required to wear protective clothing and overshoes.
Each room and every cage is thoroughly cleaned every day. The waste trays are changed and all shelves, littering boxes and all other surfaces in contact with the cats are wiped with a damp cloth. Floors are mopped daily with water. When a room falls empty it is disinfected with formalin.
Statistical analysis
Since the materials were unbalanced, which means an unequal number of observations per subclass, the effects of year, month, parity number and time between litters or litters per year were estimated by the method of least-squares analysis, using the Statistical Analysis System (SAS User's Guide: Statistics, 1982) .
The statistical models used to analyse the data included (a) the effect of year, month, litters per year and parity number using the formula
where X is the mean litter size, aj is the effect of year i, bj is the effect of month j, CI is the effect of litter l within a year, dm is the effect of parity number m and eijlm is the random error, and (b) the effect of year, month, time interval between litters and parity number using the formula Zjjdiffm = X + aj + bj + tdiff + dm + gjjdiffm where X is the mean litter size, aj is the effect of year i, bj is the effect of month j, tdiff is the effect of the time interval (diff) between litters, dm is the effect of parity number m and gijdiffm is the random error.
The means presented in this paper are leastsquare means and their standard errors given in the figures have been calculated by using these models.
Results
The breeding unit was intended to produce at least 500 cats a year. Production increased from 423 kittens a year in 1979 to 924 in 1982, while the number of queens rose only from 65 to 73 (Table 2) .
After the diet was altered in 1980 (see Materials and methods), the litter size increased significantly from 4·5 kittens per litter to more than 5·5 kittens per litter (P < 0·001) (Table 3 ). the number of kittens a year per queen, in spite of the fact that many queens were not allowed to have a third litter to avoid over-population. It was found that toms cannot be used for mating before the age of 3 years. If a tom is introduced into the harem when too young we have found that it fails to dominate the hierarchy; it will become scared and successful induction of ovulation by coitus will be affected, resulting in fewer kittens per litter.
Young females give birth to their first litter at an age of at least 14 months. The first litter is usually quite small, averaging 4·4 kittens. In subsequent litters the size rises to between five and six kittens per litter, declining again after the tenth litter ( Fig. l (a». This decline is significant (P < 0·001).
There is a marked seasonal variation in litter size ( Fig. 1 During 1982 about 10% of the queens delivered three litters. This third litter tended to be larger (5·3 kittens per litter) than the other two (4·6 and 4·9 respectively). The same tendency was also found during the preceding year.
There is a very marked variation in litter size for varying intervals between litters (Fig. 2) . Largest litters are born when the intervals between delivery are 5 or 9 months with smaller litters at 8 and 11 month intervals between litters.
Sex distribution
The sex ratio tended to change after the diet was modified. In 198044% males were born and the percentage of males was 49% in 1982.
The effect of the interval between litters on sex distribution is shown in Fig. 3(a) . Where only a few days elapse between weaning kittens and the next mating of the queen a higher proportion of male kittens is born. In addition, there is a seasonal variation ( Fig. 3(b». Thus the proportion of male kittens tends to be lower in autumn than during the rest of the year. Table 3 . Increase in litter size during the years 1979-1982 1979 1980 1981 1982 Litter size 4·5 ± 0·2 4·3 ± 0·2 5·4 ± 0·2*** 5·5 ± 0·1**'
The litter sizes in 1981 and 1982 are significantly larger compared with 1979 and 1980 (P < 0·001). There is a weak trend showing that old queens deliver more female than male kittens.
Mortality
Kitten mortality in the colony during the period 1979 to 1982 is summarized in Table 4 . Total mortality has decreased from 23% in 1979 to 9% in 1982 (P < 0·001). The same number, 9% total mortality, is shown during 1983-1984. The number and proportion of stillborn kittens and of those dying in the first week of life decreased, coincidentally with the gradual change in diet during 1980. However, the proportion of kittens dying after the first week did not change. The highest kitten mortality (mean 26% for 1979-1982) occurred in the first litter of a queen. This mortality decreased significantly from 1980 to 1982. Even the mortality following the first week of life was twice as high for kittens of the first litter compared with those of the second and following litters (P < 0·01).
Average kitten mortality per litter is shown in Fig.  4(a) for the time period 1979-1982. The mean value decreases from 26% in the first litter to 16% in the second litter. From the third to the eighth litter few very young kittens die (8%-15%) ( Fig. 4 (a». This mortality relates to kittens dying within the first week of life. The seasonal variation in kitten mortality is shown in Fig. 4(b) . There is a very strong tendency towards a higher mortality in kittens born in July and August compared with those born during the rest of the year; this increased mortality applies only to stillborn kittens and to those dying during the first week of life.
Growth
Today, when given the diet introduced in 1980, male kittens reach an average bodyweight of 2500 g in 127 days, while it takes female kittens 152 days to reach the same weight. The increase in bodyweight of growing cats is plotted against age in weeks in Fig. 5 .
Discussion
From the scientific point of view it is extremely important to have standardized healthy animals. As the cost of an animal is usually less than 5% of the total cost of animal experiments (Box, 1976) there is no economic justification for not seeking animals of high quality, making it possible to perform fewer experiments for the same amount of information.
Many different ways of breeding cats have been described in the literature (Adams & Cox, 1966; La Motte & Short, 1966; Bleby & Lacey, 1969; Robinson & Cox, 1970; Rossbach 1972; Young, 1973; Hurni, 1981; Loveridge, 1984) . In 1966, La Motte 
The mortality during the first week in 1981 and 1982 is significantly smaller than during 1979
(P < 0·001) and 1980 (P < 0·01; P < 0·05). The total number of dead kittens during 1981 and 1982 is significantly smaller than during 1979 (P < 0·001) and 1980 (P < 0·01; P < 0·05).
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and Short and Adams and Cox described two different breeding units in the UK, both of which provided a sufficient supply of cats for laboratory use. Diseases, especially feline enteritis, were responsible for a high level of mortality in both units. For this reason, an SPF colony for cats was established at the UK Laboratory Animal Centre (Bleby & Lacey, 1969) . Since then SPF cat breeding units have been established in many places in Europe. Hurni (1981) describes the unit at Ciba-Geigy, Basel, in detail. Important factors for successful breeding are ventilation, room temperature and relative humidity and the light-dark cycle (Hurni, 1975) .
We started our conventional breeding unit for cats in new facilities without aspiring to the SPF standard. As in other units (Rossbach, 1972; Hurni, 1981; Lawler & Monti, 1984) we kept the breeding animals in harems. The number of kittens per queen per year and the mortality were comparable with those reported from many breeding units (La Motte & Short, 1966; Soave, 1974; Scott et at., 1979;  Wolski & Houpt, 1980) but we did not consider them acceptable.
During 1980 the diet was therefore changed. Minks have been shown to have a higher fertility upon increase of the fat content of the diet (Holmark, 1979) . In the cat breeding unit we gradually introduced a new diet with an increase in crude fat from 15% to 27% of dry matter, the protein remaining at 50%. The new diet resulted in a production of 12·7 kittens per queen per year and a total mortality of only 9%. Male and female cats reach 2·5 kg in 127 days and 152 days respectively. The results are comparable with those of t.he very best SPF breeding units. Many workers (Bleby & Lacey, 1969; Hurni, 1979; Bleby, 1980; Hurni, 1981; Loveridge, 1984) have compared breeding and weight increase figures from SPF and conventional breeding units. SPF breeding has previously been considered the only way to achieve successful breeding results. In our conventional breeding unit we have now achieved comparable results. Scott (1968) , Hurni (1979; 1981) and Holme (1982) , among others, have pointed out the importance of a palatable diet. Like Scott we have observed that, despite a very high energy diet, it is impossible to overfeed growing kittens or lactating females. A high fat diet increases the palatability and is also well tolerated by cats (Scott, 1968 ; National Academy of Sciences, 1972; Rivers & Frankel, 1980; Burger, 1982) . Fat as a carrier increases the possibility of improving the uptake of vitamin A, which is extremely important to the cat (Scott & Scott, 1964; Scott, 1968; 1977; Scott & Thompson, 1969) . After the change to the high fat diet the number of male kittens increased from 44% to 49%. This was probably an effect of better nutrition.
Male fetuses, weaker than female ones, which previously would have been resorbed are now carried to term. This could also explain the tendency for old queens which do not manage to give birth to large litters to give birth mostly to female kittens. It was also noted that more males are born if the time between weaning and next mating is very short.
The performance of the Hassle cat breeding colony indicates that it is possible to breed healthy conventional cats with good results. Although much attention has been devoted to cat reproduction, and many systems and results have been published, the establishment of a successful cat breeding colony is still a difficult task with many unknown factors. 
